Abstract: Diagnosis of acute appendicitis can be challenging in some cases as the differentials can be exhaustive. Previous studies have demonstrated that hyperbilirubinemia is a more specific marker for appendicitis than white blood count (WBC) and Creactive protein (CRP), but this investigation is still not commonly used in the diagnostic workup of appendicitis. This prospective study aims to evaluate serum bilirubin as a laboratory marker for simple and complicated appendicitis. We also investigated the diagnostic value of bilirubin in acute appendicitis and compared it with the WBC. In this prospective study, all patients who underwent appendicectomy at the Sulaimani Emergency Teaching Hospital between 1 st November 2016 to 1 st January 2017 were included. Preoperative total serum bilirubin was measured and compared with the final histopathology report. Patients were divided into 3 groups: non-inflamed appendix, simple appendicitis and complicated appendicitis. One hundred and 75 patients were analysed, 90 of them were females and 85 were males. Hyperbilirubinemia was found in 63% of patients with complicated appendicitis (p=0.001). Mean of bilirubin was significantly different between patients with complicated appendicitis and non-complicated appendicitis (1.101 vs 0.75 mg/dl; p= 0.0017). Bilirubin had a higher specificity (85%) than WBC (36%), but a lower sensitivity (63% vs 89%) for differentiating complicated appendicitis. Patients with suggestive features of acute appendicitis and raised serum bilirubin indicate a complicated case requiring early intervention to prevent peritonitis and septicaemia. Hyperbilirubinemia is a good indicator for complicated appendicitis and serum bilirubin measurement can be included in the work up of patients with suspected appendicitis.
INTRODUCTION
Acute appendicitis (AA) is one of the most common surgical emergencies. Appendectomy is among the most frequently performed emergency operations worldwide [1] [2] [3] . The first appendectomy was performed by Claudius Amyand, on a boy (11 years old) in 1736 [4] . The lifetime risk of developing appendicitis is 8.6% for males and 6.7% for females. The highest incidence is in the second and third decades of life [5] . It is a polymicrobial infection with some series reporting up to 14 different organisms cultured in patients with perforation. The main organisms cultured from peritoneal fluid of the patients, are Escherichia coli and Bacteroides fragilis [5] . Obstruction of the lumen due to fecaliths or hypertrophy of lymphoid tissue is proposed as the main etiologic factor in AA [1, 5] . Other less common causes are tumours, vegetable and fruit seeds, and intestinal parasites [5] . The obstruction causes elevation of intraluminal pressure. This ultimately leads to venous outflow obstruction, ischaemia, loss of epithelial integrity and bacterial invasion of appendiceal wall. As the pathology progresses, gangrene and perforation of the appendix occur forming a periappendicular abscess or local/generalized peritonitis [4, 6] . Diagnosis of AA is made primarily on the basis of the history and the physical examination [6, 7] . However, it is not always straight forward, as there are a number of causes leading to pain in right iliac fossa (RIF) particularly in female patients [8] . The variation in the pathophysiological development of the disease, along with the wide range of possible locations of the organ explain why only 50% of patients have a classical history on presentation [9] . In fact, the differentials include almost all causes of abdominal pain. A useful rule is never to place appendicitis lower than second in the differential diagnosis of acute abdominal pain in a previously healthy person [10] . Aside from symptomatology and specific physical examination findings, ultrasonography and computed tomography (CT) scans have become useful tools, with accuracies up to 85 to 99% [11] [12] [13] [14] . However, these diagnostic adjuncts may be expensive, may involve a high radiation exposure, and may not always have accurate and reproducible results [15] . Scoring systems such as the Alvarado Score and the Appendicitis Inflammatory Response Score have been devised to assist in the diagnosis [16] [17] [18] [19] [20] [21] [22] . These scores are based on clinical presentations, white blood count (WBC) and/or C-reactive protein (CRP) [23] . The diagnostic and discriminatory value of WBC and CRP in AA has been studied extensively but it remains controversial [24] [25] [26] [27] [28] . Furthermore, some studies have shown that neither of these markers are a diagnostic indicator nor specific for AA [29] . Jaundice in the context of appendicitis has been well described in the literature over 60 years ago [30] . In 1969, Miller and Irvine showed in a prospective series of appendectomies that jaundice in patients with AA correlated with peritoneal positive cultures for E. coli [31] . More recent studies suggest that elevated serum bilirubin in patients with clinically suspected appendicitis may be a predictor for appendiceal perforation with high specificity and positive predictive values [29, [32] [33] [34] [35] [36] [37] [38] [39] . Furthermore, a study showed that serum bilirubin has been found to have a sensitivity of 70% and specificity of 86% for perforated appendicitis [34] . Moreover, Emmanuel A et al concluded that bilirubin is a specific marker for simple AA, not necessarily complicated, with a good positive predictive value, and suggested that it should be included in the overall assessment of suspected patients of having appendicitis [29] . The recent attention to the association between hyperbilirubinemia and appendicitis could be explained by the over ordering of ""routine"" blood tests in the emergency department. As a result, more studies are needed to test this hypothesis [8] . Hyperbilirubinemia, defined as elevated serum bilirubin, either because of increased production or impaired clearance, is not well known as a laboratory marker for complicated appendicitis. Both mechanisms, increase production and alteration of bilirubin clearance, might play a role in the observed hyperbilirubinemia of patients with appendiceal perforation [34] . As previously mentioned, the most common bacterial species which is cultured from the appendiceal wall of patients with AA has been E. coli and Bacteroides fragilis [5, 34] , both of which have been shown to cause a portal sepsis and interfere with hepatocyte microcirculation, inducing sinusoidal damage as shown in a rat liver model [40, 41] . E. coli-associated lipopolysaccharides have been shown to have an effect on hepatocyte uptake and excretion of bile acids [42] . Also, E. coli endotoxin leads to a dosedependent bile stasis, which has been shown in a rat liver model [43] . In addition, E. coli infection has been shown to induce hemolysis of erythrocytes [44] . The resulting inflammatory-mediated cholestasis, along with the proposed hemolysis leads to an increased bilirubin load in infected individuals, which likely promotes hyperbilirubinemia [34, [42] [43] [44] . Histopathologic studies are considered as the gold standard for diagnosis of AA [45] . The criterion standard is neutrophilic infiltration of muscularis propria [46] . Various sources have divided AA into two broad categories: uncomplicated or simple, with no gangrene, perforation or abscess formation, and complicated (perforated/gangrenous) appendicitis [5, 10, 29, 38] . Recent evidence from a large multi-center study has suggested that patients with simple appendicitis can undergo short in-hospital observations prior to having their appendicectomies [47] . Some studies are even suggesting that non-operative management with antibiotics is possible [48] [49] [50] [51] . However, urgent surgery is still the treatment of choice for complicated (gangrenous/perforated) appendicitis due to the higher rate of complications and the need to control the source of sepsis [5, 10, 39] . Therefore, it is important to classify patients into those with simple appendicitis who can undergo surgery at a safe opportunity or even managed non-operatively and those with complicated appendicitis that require surgery more urgently [39] . Presence or absence of hyperbilirubinemia may aid in the distinction between these two groups of patients [29] . Diagnosing AA clinically still remains challenging in some instances. The presence of hyperbilirubinemia, that is not explained by liver disease or biliary disease, as a predictor of appendicitis has been studied so that serum bilirubin levels measured upon admission can be used in conjunction with other diagnostic tests such as ultrasonography and CT [37] . Total serum bilirubin is a commonly requested blood test. Unlike imaging modalities, it is relatively inexpensive, and carries no risks such as irradiation from CT scans. A safe, cheap, rapid, widely available, accurate diagnostic marker for appendicitis would be useful to the emergency general surgeon to manage suspected appendicitis [38] .
METHODS AND MATERIALS
This single-center cohort, prospective study was conducted in Sulaimani Surgical Teaching Hospital from 1 st November 2016 to 1 st January 2017. To conduct this study, ethics approval was obtained from Kurdistan Board for Medical Specialties (KBMS) ethics committee, and informed consent was obtained from the patients. A total of 211 patients, who underwent appendicectomy at the emergency department of Sulaimani Teaching Hospital were initially enrolled in the study. The diagnosis of AA was made with a combination of clinical, laboratory and imaging findings. The patients underwent emergency or urgent appendicectomy according to their condition. All appendicectomies were carried out by an open method. Collected data included patients" age, gender, preoperative WCC, CRP (not always present), ultrasound finding and operative finding. Total serum bilirubin (TSB) was also performed preoperatively on the collected blood sample. Determination of TSB was done using Kenza 240TX machine (Biolabo Diagnostics). The normal levels for the above markers based on the reference ranges of the hospital, were: WCC 4-10 x 109cells/L, CRP <10mg/L, and bilirubin 0.2-1.1mg/dl. Inclusion criteria: All patients admitted with a provisional diagnosis of appendicitis and who underwent appendicectomy during the study period. Exclusion criteria were: history of liver or biliary tract disease (including viral hepatitis positive patients), history of hemolytic disease, patients who were taking known hepatotoxic medications, and patients who did not have preoperative serum bilirubin for technical reasons. All the specimens were analysed by histopathological examination. Accordingly, patients were divided into three groups according to their clinical and histological findings. Group 1 comprised of patients with noninflamed appendices, group 2 comprised of those with uncomplicated acute appendicitis or reactive lymphoid hyperplasia, and group 3 comprised of patients with a perforated or gangrenous appendix (Complicated appendicitis). Comparisons were made between each group and their respective laboratory markers. Statistical analysis: Statistical Package for the Social Science (SPSS) version 20.0.0 used. A p value of < 0.05 was considered a statistically significant.
RESULTS
A total of 211 patients who underwent appendicectomy for acute appendicitis were included in the study. From all, 36 patients could not fulfill the criteria and were excluded. Two patients had thalassemia major, two patients were hepatitis B positive and 32 patients did not have their serum bilirubin measured preoperatively, so they were excluded. The remaining of 175 patients were analysed. Out of the 175 included patients, 90 patients were female (51.4%) and 85 were male (48.6%) ( Table  1 ). The age of the patients ranged from 5 to 56 years with a mean of 24.9 years (SD: +/-10.42). Figure 1 shows the age and gender distribution with the most common age group between 11-20 years old (36%). According to the operative finding and the final histopathology report: 34 patients had normal appendices (19%), 103 patients (59%) had uncomplicated acute appendicitis or reactive lymphoid hyperplasia, and 38 patients (22%) had complicated appendicitis (perforated/ gangrenous), as shown in (Table 2 ). Overall, TSB was elevated in 41 patients (23.5%). In Group 1, 2 out of 34 patients had raised preoperative TSB (6%), in group 2, 15 patients out of 103 (14.6%), and group 3, 24 out of 38 patients (63%). This difference was statistically significant (p value =0.001), as demonstrated in (Table 3) . The mean TSB of the groups 1, 2 and 3 were 0.54, 0.75, and 1.101 mg/dl respectively. This shows that the value of TSB increased with progression of appendicitis severity. Using unpaired t-test, comparing the differences in mean TSB between patients with normal histology and those with simple appendicitis showed no statistically significant difference (p-value < 0.05). While the difference in mean bilirubin between uncomplicated appendicitis and complicated appendicitis was statistically significant (p-value < 0.01). To analyse the diagnostic value of serum bilirubin in appendicitis, we compared patients with appendicitis (complicated and uncomplicated) to the patients with normal histopathology. We found that a specificity of 94% for hyperbilirubinemia in appendicitis, with a positive predictive value (PPV) of 95%. Sensitivity and negative predictive value (NPV) were lower (28% and 24% respectively). White blood count had a higher sensitivity (71%) but a lower specificity (47%). Details are shown in (Table 4) . Hyperbilirubinemia in complicated appendicitis vs simple appendicitis had a specificity of 85% for perforated /gangrenous appendicitis, a sensitivity of 63%. Bilirubin had a higher specificity (85%) than WBC (36%), but a lower sensitivity (63% vs 89% respectively). Details are shown in (Table 5 ). By inspecting the mean values for bilirubin and WBC within our three groups, we found that all values increased with increasing appendicitis severity. This difference was statistically significant (p<0.0001). Details are given in (Table 6 ). 
DISCUSSION
Previous studies have found hyperbilirubinaemia to be a marker with high specificity for perforated appendicitis [29, [32] [33] [34] [35] [36] [37] [38] [39] . Serum bilirubin levels in the adult surgical population are usually raised due to liver or gallbladder problems. Gilbert"s syndrome may cause an idiopathic, benign, isolated unconjugated hyperbilirubinemia. However, the prevalence of Gilbert"s syndrome is expected to be around 3-8% [33] , which is considerably less than the ratio in simple appendicitis in the current study (15%) and perforated appendicitis (63%). Gilbert"s syndrome may explain the finding of this current study of hyperbilirubinemia in 2 patients (6%) with ultimately normal appendix histology. Mean age, age distribution and gender distribution was similar to most other studies [8, 23, 29, 34, 38] . Rate of negative appendectomy was (19.4%) in comparison to D"Souza et al (22%) [38] , Emmanuel et al (18%) [29] and Atahan et al (14%) [35] . But it was lower than Panagiotopoulou et al (33.9%) [53] , who conducted a large retrospective study analysing 1,169 patients. Their explanation was that they removed all appendices during diagnostic laparoscopy for RIF pain if no other pathology was found. Our figures are within the acceptable rate of negative appendectomy worldwide. Negative appendectomy was more commonly performed on females. This is again in accordance with findings in the literature [8, 23, 34] . The rate of complicated appendicitis namely gangrenous/ perforated appendicitis is commonly around 25% [5] , varies greatly in the literature. Panagiotopoulou et al reported a rate as low as 3.5%, while others reported figures ranging from 14% -26% [8, 23, 33, 38, 39, 53] . The current study showed a rate of complicated appendicitis of 21.7%. Males outnumbered females in the complicated group of patients, which goes with findings of Ran Hong Y et al [23] , Estrada et al [33] , and Sand et al [34] . With regard to the predictive value of hyperbilirubinemia for simple and complicated appendicitis, our study showed that hyperbilirubinemia was more common in patients with simple appendicitis group than those with normal appendix histology (15% vs 6%, p=0.06). But this difference was not statistically significant in the study. Also, mean bilirubin levels were higher for patients with appendicitis than patients with normal appendices (0.54 vs 0.75, p= 0.072). This finding is similar to that of Estrada et al [33] and Sand et al [34] , who could not find a statistically significant relationship between hyperbilirubinemia and simple appendicitis. However, D'Souza et al found a statistically significant difference by including gangrenous appendicitis in the "simple appendicitis" group and also including a group of patients with RIF pain managed conservatively [38] .
Emmanuel A et al showed that hyperbilirubinaemia is a significant marker for simple acute appendicitis and not only appendiceal perforation [29] . These findings can be explained by including a larger number of patients from both groups. In contrast, in our study hyperbilirubinemia was found in 63% of patients in the complicated appendicitis group, which is highly significant (p value =0.001). Furthermore, mean TSB in group 3 patients (1.101) was significantly higher than mean of group 1 and 2 (p value =0.0017). This reflects that hyperbilirubinemia maybe secondary to appendicitis. In fact, the value of TSB increases with progression of appendicitis severity. This is supported by Estrada et al who observed that the prevalence of a positive peritoneal culture was significantly higher in patients with gangrenous/perforated appendicitis [33] . The development of jaundice in sepsis is well recognised and has been associated with a variety of causative bacteria, gram-negative bacteria being most commonly implicated [52] . Several mechanisms leading to hyperbilirubinaemia in systemic infections have been described. Haemolysis causes an increased bilirubin load and has been associated with several bacteria including E. coli [44, 52] . Also, bacterial endotoxin causes a cytokine mediated inhibition of bile salt transport mechanisms, leading to cholestasis [42] . This dosedependent cholestatsis explains why serum bilirubin increases with appendicitis severity. Escherichia coli is associated with the endotoxin lipopolysaccharide and is the most common organism cultured from intraperitoneal fluid in appendicitis [40] . Hyperbilirubinaemia presumably occurs in appendicitis as a result of bacteraemia or endotoxaemia, which could occur both in simple appendicitis and perforated or gangrenous appendicitis but more commonly in the latter group [29] . Several studies have shown that the hyperbilirubinemia observed in patients with appendicitis is isolated with no elevation in the other liver enzymes [8, 29, 32, 33, 34] . Also, the hyperbilirubinemia was found to be of mixed type (both conjugated and unconjugated) by Chaudhary P et al [37] . For our secondary aim, we found that TSB has a high specificity (94%) and PPV (95%) for appendicitis in general, but has a lower sensitivity than WBC (28% vs. 71%). Furthermore, hyperbilirubinemia has a higher specificity (85%) and NPV (86%) than WBC but a lower sensitivity (63% vs 89%) for differentiating simple from complicated appendicitis. These findings are supported by the findings of D"Souza et al [38] and Emmanuel et al [29] . This confirms the use of hyperbilirubinaemia as a confirmatory test rather than to exclude appendicitis. These findings have two potential benefits. Firstly, serum bilirubin can be used in female patients who present with RIF pain, whose clinical findings may mimic other causes. Secondly, in patients who are diagnosed clinically as AA, the finding of hyperbilirubinemia may indicate a perforated appendix and thus expedite surgery. Keeping in mind that the rate of morbidity and mortality in patients operated on for perforated appendicitis is about 5%, which is higher than for patients operated on for appendicitis without perforation [5] . There were some limitations to this study. Firstly, the relatively small sample compared to the frequency of the appendicitis. Our sample size was limited by the short duration of sample collection. Also, preoperative CRP values were only available in a few patients, so they were not included in the analysis.
Conclusion
Our findings suggest that assessment of bilirubin level may help in the diagnosis of acute appendicitis. This is particularly important in patients with less typical presentation or in female patients with a differential diagnosis of a gynaecologic pathology. We recommend serum bilirubin measurement in the workup of patients presenting with atypical features of AA. In addition, hyperbilirubinemia in patients with appendicitis indicates a higher likelihood of a perforated or gangrenous appendix. Therefore, patients with right iliac fossa pain and hyperbilirubinemia warrant early surgical intervention. Serum bilirubin was found to be a more specific marker for complicated appendicitis than WBC with a high negative predictive value and acceptable sensitivity. However, diagnosis of appendicitis remains multifactorial and serum bilirubin should be used together with clinical findings and other routine laboratory tests.
